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Table II. Percentage of larval attachment to rabbits of 100 diapausing larvae immersed at indicated ages (days) in hormonal solutions 

Concentration (%) Larval attachment (%) at day 

18 28 28 18 42 

~-ecdysone 
0.1 6 10 
1.0 38 36 32 40 

fl-ecdysone 
0.1 19 24 28 
1.0 10 38 42 40 46 

trans, trans-10, ll-epoxyfarnesenic acid methyl ester s 
0.1 0 0 0 0 0 
1.0 0 0 0 0 0 

~Methyl-10, ll-epoxy-3,7, ll-tfimethyl-2,6-dodecadienoie acid. The percentage of attachment indicates the ratio of the number of larvae 
which attached to the total number present and alive at the end of 48 h. 

topical ly  to each larva wi th  a microappl ica tor .  La rvae  were 
kep t  for 2 to  3 h a t  5 ~ af ter  hormona l  t r e a t m e n t  before 
t hey  wer e r e tu rned  to the  t e m p e r a t u r e  a t  which t h e y  were 
ma in t a ined  normal ly .  One day  later,  the  larvae were plac- 
ed inside smal l  plast ic  conta iners  8 a t t a ched  to closely 
cl ipped rabbi ts .  The pe rcen tage  of a t t ached  (and feeding) 
larvae was de te rmined  at  the  end of 48 h. Other  samples  of 
100 d iapaus ing  larvae  were immersed  in one of the  same 
solutions for abou t  15 sec and  hand led  in the  same way  as 
those  wi th  topical ly  appl ied  solution. U n t r e a t e d  controls  
f rom b o t h  shor t  and  long day  pho toper iods  were placed 
on rabb i t s  a t  the  same t ime  as the  t r ea ted  larvae.  In  o ther  
tests,  the  effects  of the  solvents  on mor t a l i t y  and a t t ach-  
m e n t  were negligible. 

Resul ts  recorded in Tables I and II  indicate  t h a t  t rea t -  
m e n t  wi:h e i ther  concen t ra t ion  of ecdysones  t e r m i n a t e d  
larval  d iapause  in R. sanguineus. T r e a t m e n t  of the  larvae 
wi th  bo th  e- and fl-ecdysones p roduced  posi t ive  results,  
when  appl ied topica l ly  or by  immers ion  in ho rmone  solu- 
tions. However ,  the  effects off l -ecdysone were s l ight ly  more  
spec tacular  t h a n  those  of ~-ecdysone in b o t h  ways  of t rea t -  
ment .  The analogue of juveni le  ho rmone  (trans, trans-lO, 
11-epoxy-farnesenic  acid m e t h y l  ester) was ineffect ive 
topical ly.  

I t  is well es tabl ished ' tha t  g rowth  and  me tamorphos i s  
in insects  is regula ted  by  the  endocr ine  ac t iv i ty  and  tile 
hormones  involved such as juveni le  hormones  9 and  ecdy- 
sones 10 have  been isolated and synthesized.  Fur the rmore ,  
juveni le  ho rmone  and its analogues t e rmina t e  photoper io-  

dical ly induced  d iapause  in insects  2 4. T h a t  d iapause  can 
also be t e rmina t ed  by  ecdysones  in larvae of the  t ick  Der- 
macentor alpictus as d e m o n s t r a t e d  by  WRIGI~T22. Our re- 
sults, besides subs t an t i a t i ng  the  above au tho r ' s  observa-  
t ions  in R. sanguineus, suggest  t h a t  the  endocr ine  me- 
chanisms  of the  Acar ina  m a y  be similar  to  those  of t he  In- 
sec t s  and  Crustacea13. 

Zusammen/assung. Die Diapause  von  La rven  der Zecke 
Rhipicephalus sanguineus (Lat.) wird durch  e- and  fl-Ec- 
dyson  beendet .  
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Calcium Dependence of Protein Transport by the 

The s t imulus  to p inocytose  is normal ly  given to  a cell 
by  the  b ind ing  of cat ions  to nega t ive ly  charged groups on 
the  m e m b r a n e  surface. The response  to th is  s t imulus  is, in 
amoeba,  f i rs t  a change in m e m b r a n e  resistance1, t hen  a 
phys ica l  m o v e m e n t  of m e m b r a n e  subs tance  to the  cell in- 
terior.  P inocytos is  i nduced  wi th  monova l en t  ca t ions  can 
be inh ib i ted  by  high concen t ra t ions  of calcium, In  th is  
case compe t i t i on  be tween  calcium and sod ium for anionic 
sites is t h o u g h t  to remove  the  s t imulus  to pinocytose3.  
Usual ly  however  the  inducing cat ion is bel ieved to  dis- 
place calcium as it b inds  to the  m e m b r a n e  to cause the  
p ronounced  fall in res is tance recorded immed ia t e ly  before 
vesicle fo rma t ion  begins 2. Remova l  of calcium wi th  E D T A  
also causes the  m e m b r a n e  res is tance to fall bu t  th is  does 

Small Intestine of the New-Born Pig 

not,  by  itself, in i t ia te  m e m b r a n e  m o v e m e n t  a. I t  has  there-  
fore been suggested t h a t  i t  is the  presence  of free calcium 
which  links s t imulus  to  response,  poss ib ly  by  ac t iva t ing  
a cy toplasmic  contrac t i le  sys tem analogous to the  excita-  
t ion-coupl ing  seen in muscle 4. If th is  were t rue  the  act ion 
of calcium on a p inocy to t i c  cell would be seen to  be com- 
plex, h igh  concen t ra t ions  of the  ion inh ib i t ing  the  s t imu-  
lus to  p inocytose  bu t  some calcium being essent ial  for the  
induc t ion  of m e m b r a n e  ins tabi l i ty .  I t  seemed therefore  of 
in te res t  to tes t  for calcium in te rac t ions  in ano the r  t issue 

1 p. W. BRANDT and A. R. FREEMAN, Science 755, 582 (1967). 
2 B.A. COOPER, C. r. Trav. Lab. Carlsberg 36, 385 (1968). 
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noted  for its p inocy to t i c  ac t iv i ty ,  the  smal l  in tes t ine  of 
the  new-born  pig. 

The small  in tes t ines  of unsuckled  new-born  piglets  were 
formed into  ever ted  sacs as descr ibed  p rev ious ly<  These 
were then  incuba ted  in a modif ied  saline solution,  con- 
t a in ing  4% w/v bovine  se rum a lbumin  and  di f ferent  con- 
cen t ra t ions  of CaC12. The saline conta ined  95 m M  NaC1, 
5,7 m M  KC1, 25 m M  NaHCOa, 1.2 m M  MgSO4, 5.5 m M  
glucose and  25 m M  tris buffer  p H  7.6. The h ighes t  con- 
cen t ra t ion  of calcium used (32 mM)  increased the  osmo- 
lal i ty of the  saline to  370 mosmoles /kg  water .  Manni to l  
was added  to solut ions conta in ing  lower concen t ra t ions  
of calcium to ma in t a in  th is  h igh  osmola l i ty  in all solut ions 
used. A known volume of saline conta in ing  2 m M  CaC12 
was placed on the  serosal side of each  sac a t  the  s t a r t  of 
incubat ion.  Fluid t r ans fe r  was measured  a t  the  end of 
incuba t ion  and the  a m o u n t  of a lbumin  t r anspo r t ed  deter-  
mined  by  immunodi f fus ion  6 using serum t aken  f rom ra- 
bb i t s  previous ly  in jec ted  wi th  bovine serum albumin.  
Sacs were dr ied to  cons t an t  weigh t  a t  105 ~ and t rans fe rs  
expressed per  100 mg  dry  weigh t  of t issue. 

The dependence  of a lbumin  t ransfer  on the  concent ra-  
t ion of calcium in the  mucosal  med ium is shown in the  Fi= 
gure. Transfer  in the  absence  of calcium, 143 • 25.7 [xg/ 
100 mg/h ,  increased to a m a x i m u m  of 211 ~= 35.3 [xg/ 
100 m g / h  a t  an ex te rna l  calc ium concen t ra t ion  of 4 m M .  
F u r t h e r  increases in calcium concen t ra t ion  caused a s t eady  
fall in the  a m o u n t  of p ro te in  t r anspor t ed .  Transfer  of al- 
bumin  f rom a 32 In21/Z CaC12 saline solution,  70 ~ 12.7 ~zg/ 
100 mg/h,  was only 1/3 the  value found wi th  4 m M  CaC12. 
All values give means  ~- S.E. of 14 observa t ions .  These 
differences were s ta t i s t ica l ly  s ignif icant  (comparison of 
4 m M  versus 32 m M  CaC12, P < 0.001 ; compar i son  of no 
calcium versus 4 m2K CaC12, P < 0.05), as was the  inhibi-  
t ion  of a lbumin  t r a n s p o r t  caused by  increasing the  exter-  
nal  concen t ra t ion  of calcium f r o m 4  to 16 m M  (P  < 0.01). 
In  contras t ,  the  t ransfer  of fluid remained  l i t t le  affected by  
high calcium concent ra t ions .  Fluid t r ans fe r  increased 
f rom 0.44 ~- 0.04 to 0.55 • 0.03 ml/100 mg/h  when  the  
calcium concen t ra t ion  was raised f rom 0 to 4 m M  (P  < 
0.01), bu t  the  t ransfer  in 32 m M  CaC12 saline, 0.47 
0.06 ml/100 mg/h;  was no t  d i f fe rent  f rom t h a t  found using 
4 m M  CaCI~ saline (P  > 0.1). Thus  the  rise in a lbumin  

t ransfer ,  seen on increasing the  calcium concen t ra t ion  
f rom 0 to 4 m M ,  could be associa ted wi th  the  increased 
t rans fe r  of fluid, bu t  the  fall in a lbumin  t rans fe r  seen at  
h igher  calcium concent ra t ions ,  could not .  

In  a second series of expe r imen t s  fluid t r ans fe r  was 
measured  in t he  presence and absence of a lbumin  a t  3 dif- 
fe rent  calcium concent ra t ions .  The resul ts  are shown in 
the  Table.  In  th is  case fluid t ransfer  in the  presence  of al- 
b u m i n  was s imilar  a t  all 3 calcium concen t ra t ions  used. 
Transfer  was s t imula ted  by  the  presence  of a lbumin  bo th  
in t he  absence of calcium and wi th  4 m M  CaC12 present .  
A l b u m i n - d e p e n d e n t  fluid t r ans fe r  could not  however  be 
de tec ted  using saline conta in ing  32 m2kr CaC12. 

The piglet  small  in tes t ine  exhibi t s  in tense  p inocy to t ic  
ac t iv i ty  immed ia t e ly  af ter  b i r t h  ~ a t  a t ime  when  it is ob- 
t a in ing  a pass ive  i m m u n i t y  to  disease t h rough  the  absorp-  
t ion  of an t ibodies  p resen t  in the  sow's  colostrum. E v e r t ed  
sacs of pig intest ine,  fo rmed a t  th is  t ime,  show an enhanc-  
ed fluid and ion t r anspo r t  in the  presence  oI p ro te in  5. We 
take  th is  to indicate  t h a t  someth ing  approach ing  the  nor- 
mal  opera t ion  of p inocytos is  can t ake  place under  in vi t ro  
condit ions.  P ro t e in  can no longer s t imula te  fluid t ransfer  
a t  h igh  calcium concent ra t ions ,  A lbumin  t rans fe r  is i tself 
inh ib i ted  and i t  appears  t h a t  p inocytos is  is blocked,  a si- 
t u a t i o n  analogous to  t h a t  found wi th  amoeba,  where  cal- 
c ium inhibi ts  the  s t imulus  to p inocytose  2. The absence of 
calcium does no t  remove  the  abi l i ty  of a lbumin  to  s t imu- 
late  f luid t ransfer .  I t  should no t  have  af fec ted  the  s t imu-  
lus to  p inocytose  b u t  one migh t  have  expec ted  the  re- 
sponse  to be d iminished  if calcium were required for ve- 
sicle format ion .  The t rans fe r  of a lbumin  was however  
s ignif icant ly  less t h a n  t h a t  found wi th  4 m M  CaC12 and 
one migh t  therefore  assume a need for calc ium to produce  
an op t ima l  p inocy to t i c  response.  

The similari t ies  which  exis t  be tween  amoeba  and  the  
in tes t ina l  ep i the l ium in the i r  response  to  calcium dur ing 
p inocytos is  m i g h t  be i m p o r t a n t  in expos ing  w h a t  is not  
essent ia l  for p inocytos is  to  t ake  place. Their  p lasma 
m e m b r a n e s  differ ma rk ed l y  b o t h  in electrical  proper t ies  
and  in the i r  pe rmeab i l i t y  to  sodium ions s, s, ye t  b o t h  pino- 
cy tose  when  placed in con tac t  wi th  sui table  inducers.  I t  is 
t e m p t i n g  ro specula te  t h a t  it  is ca lc ium t h a t  controls  pi- 
nocytosis  in b o t h  cases e i ther  by  modi fy ing  the  s t imulus  
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Calcium dependence of albumin and fluid transport by the new-b0rn 
pig intestine. Everted sacs were prepared and incubated for 90 rain 
at 37~ in saline containing different concentrations of CaC12 as 
described in the text. O ---�9 serosal transfer of fluid; � 9  O, serosal 
transfer of bovine serum albumin. Each point gives the mean of 14 
determinations. 

Effect of calcium on the albumin-dependent fluid transport by new- 
born pig intestine 

Calcium Fluid transfer (ml/100 rag/h) 
Concentration Control Albumin 
hnMl 

0 0.38• 161 0.54==0.07 (6~ <0.05 
4 0.37i0.05 ( 1 0 /  0.46• (10) <0.02 

32 0.47• (8) 0.48=t=0.08 (8~ NS 

Everted sacs were prepared and incubated in the presence and 
absence of 4 ~o w/v bovine serum albumin, as described in the text, 
Numbers give the means:t:S.E. (No. of observations}. P gives the 
significance of the albumin-dependent difference in fluid transfer 
assessed using a paired t-test. 
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to p inocytose  or by  t ak ing  p a r t  in a common  response to  
s t imul i  in i t ia ted  by  o ther  inducers .  

Resumen. E1 t r anspo r t e  de a lbumina  en el in tes t ino  del- 
gado del cerdo es ta  asociado con un  aumen to  en el t r ans -  
por te  de fluido. Ambos  t r a n s p o r t e s  son inhibidos  por  a l tas  
concent rac iones  de calcio. Ausencia  de calcio t a m b i e n  in- 
hibe el t r anspor t e  de a lbumina.  Condiciones op t imas  en el 

t r a n s p o r t e  de a l b u m i n s  y Iluido se ob t ienen  usando 
CI~Ca 4 m2Vi ell el medio.  Se deducen  analogias al compara r  
estos resul tados  con resul tados  s imilares  en ameba,  ob- 
ten idos  de la l i te ra tura .  
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High Electrical Discharge Frequency During Aggressive Behaviour in a Mormyrid Fish, Gnathonemus 
petersii 

In  t he  m o r m y r i d  fish Gnathonemus the  ra te  of t he  
electric organ discharge is var iable  1-~. As a large n u m b e r  
of inves t iga t ions  indicate ,  followihg di f ferent  kinds of 
s t imula t ion  ~-s and  even dur ing  per iods  of aggressive 
behaviour4,~,l~ m a x i m a l  f requency  never  exceeded 
50-60 Hz. The only obse rva t ion  where  mormyr id s  
emi t t ed  h igher  f requencies  was m a d e  by  LISSMANN 1, who 
men t ioned  for a mechanica l ly  s t imula ted  Gnathonemus 
senegalensis emission ra tes  of 130 Hz. The p resen t  paper  
furnishes  evidence t h a t  Gnathonemus petersii emi ts  
con t inuous ly  'h igh f requency '  burs t s  of up to  140 Hz 
dur ing aggressive behaviour .  This  f requency  surpasses  
the  f requency  range observed in res t ing and swimming  
fish. 

E igh t  Gnathonemus petersii (16-12.5 cm;  peak  to  peak  
voltage,  measured  in water ,  abou t  1.4-2.5 V n ;  dura t ion  
of f ish pulse 300 [zsec) were held  each for several  days  in 
150 1 glass aqua r ium at  26-27.5~ in to  which  Mormyrus 
rume (20.5 cm;  6.0 V n ;  750 [xsec) was in t roduced  each 
t ime  for 3-5 rain. The a t t acks  were f i lmed on a video 
e q u i p m e n t  (SONY). A sy s t em of 3 pairs  of carbon elec- 
t rodes,  or iented ver t ica l ly  and  hor izonta l ly ,  was used to  
pick up all electrical  pulses of t he  fish z2. E a c h  pair  of the  3 
pairs  of carbon electrodes was connec ted  to  one preampl i -  
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Fig. 1. Interval histograms of electrical pulses of G. petersii No. 1. 
A) control, T -- 10 rain. B) aggressive behaviour, T -- 20 sec. N, 
number of intervals; i, shortest and longest interval. Probability 
density of intervals plotted against intervals duration. 
i n s e t  in B). 'High frequency' bursts of G. pelersii No. 1 during 
aggressive behaviour. Interval Ires) plotted against number of 
interval a) and a') Inter-burst activity, b) and el Burst with 2 types 
of activity (see text . Duration of bl 535 reset, of c) 692 msec. Arrows, 
end of bursts. 

tier. Ampl i f ied  pulses were rectified, the  th ree  signals sum- 
mar ized  and fed in to  a t ape  recorder.  To dis t inguish  the  
discharges  emi t t ed  by  the  2 fish - charac te r ized  by  diffe- 
r en t  ampl i tude  and  dura t ion  - the  t ape  was p layed  back  
in to  an oscilloscope. The images on the  screen were 
recorded on 35 m m  fi lm moving  pas t  the  open shu t t e r  a t  
50 cm/sec.  Tape recordings  were also fed in to  a c o m p u t e r  
(Didac 800) which  had  been  p r o g r a m m e d  to  pe r fo rm 
in te rva lh i s tograms  and in s t an t aneous  f requency  histo-  
grams.  Each  expe r imen t  was s ta r ted  wi th  control  record- 
ings of each fish pr ior  to  the  a t t ack ing  behaviour .  Resul ts  
ob ta ined  in one fish (G. petersii No. 1) are descr ibed in 
detail .  

Dur ing  10 min  control  G. petersii No. 1 d ischarged a 
mean  f requency  of 11 Hz. In  Figure  A a charac ter i s t ic  
p e a k  on the  left side of the  h i s tog ram of pulse in tervals  
cor responds  to spon taneous  burst- l ike accelerat ion of the  
discharge f requency  (mode:  26 ms ~ 38 Hz). The shor tes t  
in te rva l  observed dur ing the  ent i re  contro l  per iod was of 
22 ms. 

D u r i n g  the  following 180 sec per iod  of aggressive 
behaviour ,  the  discharge p a t t e r n  of G. petersii No. 1 
changed  character is t ica l ly  The m e a n  f requency  now 
increased to  41 Hz and  G. petersii emi t t ed  long las t ing 
'h igh f requency '  bu r s t s  (inset in Figure  B~. In  each of the  
four 180 sec periods of expe r imen t  38-47 'h igh f requency '  
burs ts  occurred.  The burs t s  d isplayed 2 k inds  of p a t t e r n :  
in one the  low f requency  in t e rbur s t  .act ivi ty  (a in inset  
of Figure  B) was fol lowed by  a par t i cu la r  pa t t e rn ,  in 
which  interval~ of 8 and t5 msec regular ly  a l t e rna t ed ;  q b 
in inse t  of Figure  BL the  final pa r t  of these  burs t s  was cha- 
rac ter ized by  a co n s t an t  f requency of 117 Hz ; (c in inset  
of Figure B). The second kind of p a t t e r n  was similar  to 
t he  p a r t  b) of the  f i rs t  k ind of burs t  (see inse t  in Figure  ]3, 
end of preceeding burs t  before  a). In  b o t h  cases the  burs t s  
ended  ab rup t ly  (arrows in inset  of Figure  B), each one being 
sepa ra t ed  f rom the o ther  by  an in t e rbur s t  ac t iv i ty  
charac te r ized  by several  long in terva ls  up to 806 m s e c  
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